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Effects of Onion Peel Water Extract on the Blood Lipid Profiles in Mice Fed a High-Fat Diet

Hyun A Lee*, Sang Jun Han***, Sun Hwa Hong* and Ok Jin Kim***'

*Center for Animal Resource Development Research, Wonkwang University, lksan 570-749, Korea.
**Graduate School of Food Industry Convergence, Wonkwang University, lksan 570-749, Korea.

ABSTRACT : Onion (Allium cepa L.) is one of the richest sources of flavonoids in human diet. Onion peel contains over 20
times more quercetin than onion flesh. In this study, we studied the effects of onion peel water extract (OPE) on the blood
lipid profiles in mice. The onion peel extracts was extracted with hot water. The experimental groups were divided with 3
groups (n =6) of ICR male mice: normal diet + distilled water (NC), high-fat diet + distilled water (HF), high-fat
diet + onion peel water extract 20 mg/kg (OPE-20). The oral administration was conducted daily. The experimental period
was 7 weeks. Onion peel water extract showed higher concentration of polyphenol gallic acid and anti-oxidant trolox equiv-
alent than the ethanol extract. The body weight gain and food efficiency ratio was significantly lower in the OPE-20 group as
compared with HF group (p < 0.05). The epididymal fat and retroperitoneal fat showed significantly lower weights and sizes
in the OPE-20 group as compared with HF group (p < 0.05). The serum levels of total cholesterol, LDL cholesterol and trig-
lyceride were significantly lower in the OPE-20 group as compared with HF group (p < 0.05). The OPE-20 group showed
higher HDL cholesterol concentration than HF group (p < 0.05). Atherogenic index was ignificantly lower in as compared
with HF group (p < 0.05). The serum levels of glucose, GOT and GPT were significantly lower in the OPE-20 group as com-
pared with HF group (p < 0.05). In these results, we suggests that onion peel water extracts supplementation can reduces the
serum lipid components and improves the lipid metabolism in hyperlipidemic mice induced with a high-fat diet.
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S| (% 2001)2} & 3}gHE<l allyl propyldisulfide ¥ diallyl disulfide
9} 72 phytochemicalo] E-F=o] o] (Ra et al, 1997),

5 AAe F7he 9733t 9 vRkg e 4l7e AW st Al 7158 Ade AR deEA Aot Fake
3 4T Aol 7] WiRe] EF A 2o 552 RS 9F 88-90%, ©FSES 6.8-10.0%% RAHCEE I
T e AAE A9 el gig A ool IA UiF (fructose)e] 7P B3, XE% (glucose)t ' (sucrose)y>
H3 Jd¥ AAolth (Lim and Choi, 2001; Yoon et dl, 7]9] 7+e <o) ¥dEo] glom tUFEE W) ols tgE
2010). ¥} (Allium cepa Ly= TANZA SF(EH), F= £ A= 92 galactose, arabinose, ribose % rhamnose
(EA o2kl sk 9] AstEs wolgal e 28-S ol dom A AL HrEo] UA LB Ra et dl,
2438} A171Yt (Ra et al, 1997; Woo et al., 2003). 3= 1997).

AR 9 A ZuEE 7P Bol AMEE AFE T SRR Gle] Fa3t AR ZE 7FHS ditsted A
A quercitrin, rutin} 72 flavonoid (Miean and Mohamed, Y A 2L AANAFE 75E 7K EEg R olE
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(flavonoid)?} & 3}3E (sulphur compounds)o] T3z o]t}
(Jaime et al., 2001; Woo et al., 2003). MieanZ} Mohamed
(2001)e] Ao MEW Y= 27HA Eul AE F
flavonoid §&Fo] 714 Erh HuE%lom BHE Hr|EZ Q
AEojR e AzxE FopgdoM e EHHQ] SR AHe-
she FEtHicolE HiRA ol Sl AR dEA ok
(Brahma et al., 2009).

Juh AA-e Julol Hlsted oF 10-100012] flavonoidsE g
3, 23 flavonoidi= quercetin®] T} (Bang and Cho,
1998). Quercetin Z2|HE SIg=<] SefHcol=9] UFOS
2 2EE B3 AAske Fevle T YHo=E MY T8t
T Fdolt} 22 S F2 EA)5 (Brahma ef al, 2009)
F2 g3} AFsl] quercetin glucoside FENZ Eo] EA 3}
3 (Wach et al, 2007) quercetin-4'-glucoside®} quercetin-
3,4'-diglucoside”} A flavonoid®] 80%E A& J==2 7}
7 3421 Fejolt}t (Bonaccorsi ef al., 2008).

Quercetin in vivo 2 in vitro 7oA teFst ofel g}
7F = o] &t} (Chen et al, 2004). Quercetine free
radical& 2713}] r#butyl hydroperoxide®} 7+ f-3i=2
o3| BAsE EAHOIE AAlskE 7ol BaENeH &
o= Qs WAste REd 2| Hojshs Tl e] AT
AAsl= Aoz 44 Al (Edenharder and Grunhage,
2003; Pinot ef al, 1997). Quercetin® <=37|Al = 733
oFg|zhe-S Wkt ASAME AEEY A, 9738k
A2 ol A o di HEES o|$AM Y-S
A

BAdS AAS7|= ST} (Psotova et al, 2004;
Daniel et al., 2003; Duarte et al., 2001; Soloviev et al.,
2002). =gk UVel] ofgh j53e] oA, afdzhg 5 AF
s} 2E# 27 Bofske the Aok sl fastt (Vessal
et al., 2003; Mahesh and Menon., 2004). T3+ oA Als}
FFS W 2 A
Aoz d#A 3t} (Shutenko er al., 1991).
H Gte] et 24 G4 74 Y 9 g 2l o
M= o] A7t 8= (Jang and Lim, 2009). %
3}l 4] flavonoids 72+ polyphenolic compounds’} &HiFs}4
zhgo] Zstal ekzhe 7ol 7ledshs vpyb Ane A
S FHWE Fi don, ol o quercetint 19
glycosylated derivatives®] 3}sH oibzk8-S 7|djslA] gtk
BRI EAT) (Siess et al, 1997). Alkyl sulphides<} diallyl
disulphids SA] WSH=2 9] tialel] Hofste BAE HIAY|
WA skt 27004 i Agste ZleR Bt
(Siess et al., 1997).
AF7HA] Gl thet A Sk S F3kEof
oku} 71 Al 2 10%7) AR REO=E HZ|EAY ERR AL
|EI Advks AS 28 o), AFe] 7PRRE o]&HA X

£ Yo% E42I peroxynitrate®]

=
L
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ot Sk AHeM ARl {8443 A4 7l AFeRe
28 7Fsde Fleke A2 AAFeRe 2 7RIS Ado
g ek olH g Fut AAS o83 d7e HA S
B3t AHollA om7F Aot (Joo et al., 1991; Chung er
al., 2011).
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BLS ZE% 10% AINOs)9H.0, IM CH;COOK
22 7Fste] FE8] wHkgh o] % A2ofA] 40
x|t o]l 415 nmol|A] Spectrophotometer (Mecasys,
Daejeon, Korea)Z S-3=E 43It

3. ZalEls =4
B 22 Y o FEAL 95% ekl 35l

=z=a~ 0

Folin-Ciocalteau Reagent (Sigma, MO, USA), =F5< =1
E 7IRE o]F MR o] Ao 287k WAL 2Eal 15%
NaCOs, ZRFE AU 713k 325 e olF de

oA 1204 A Xk o] 755nm oA Spectrophotometer
(Mecasys, Daejeon, Korea)Z S3EE =74

SE 274 U Ao|
£ Agelrs Het ATl 33.53+1.87 3] 13F7H ] A

R

ICR mouseE Samtako (Osan, Korea)ollA] sl A3}
Ak 157 71 EARE R AN, dikol (NC), A
W2loldt (HF), 494 T35 % A2 ol (OPE-20) 3+
o= ERste 3 enkel® 77 AP, A T
T A (OPE-20)S wid ZFo] aisict. Akset

TEAYES Yy

AHEAl AFsES skt d

4.
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Table 1. The composition of experimental diets.

Components

(g/ke of mixture) NC HF
Casein 20 20
DL-Methionine 0.3 0.3
Corn staech 15 45.2
Sucrosu 50 15
Corn oil 5 9
Cholesterol 0 1.5
Cellulose 5 4
Mineral mixture? 3.5 3.5
Vitamin mixture® 1 1
Cholin bitartrate 0.2 0.2
Sodium taurocholate 0 0.3
Total 100 100

NC; Normal diets(AIN-76), HF; High Fat diet group.

= AE]

FEAE 993l Aol st FSIATE (Approval
No. WKU 13-42). ALE& NC ZolAlE duk vp$-2 wigiat
& (Samtako, Osan, Korea)s FI3}aL, HFS} OPE-200ll=
High Fat Diet 60% (Saeronbio Inc., inang, Korea)9} &
B B Ao dstr|R o3 At BAIFE Al AA
SIE=E 3Tt AMEE Al Table 13} ZStT}.

o
e

5. 58 % ANEHF

IAEF i R AEAY 7§ ATEES 12X 4
218 FAIAIZ] H diethyl ethers ©]-&3l T&mlH A7,
ool sty FHS HElgt & 80T F4RE
sach Ha|xA A AALE 98 7+ (liver) % 2 zukxZ]
(Epididymal fat, Retroperitoneal fat, Peri-renal fatyS &3}
o FAE SHsHAT
6. M MlSkH PA

g e = ZYAHZE (TC), AR (TG), LE=
At FY 28 S (HDL), GOT (Glutamic Oxaloacetic

Transaminase), GPT (glutamic yuvic transaminase)®} &%
(glucoseye kA kits AR5 X}E‘Ei}ﬂﬁ/\}ﬂ BS-220
(Mindray, Shenzhen, China)2 Z73IAtt. 49 & S
HE, HDL ¥ ZHE, S8AES o &a Ade A =
Y 2EE (LDL), 39735 (Atherogenic index, Al), A7
18 A4 (Cardiac risk factor, CRF)S Al

7. IR XI5 AL

e b A = |
7+ 22 8l 2242 (epididymal fat, retroperitoneal fat,
ol astar, Wz s

e Aol sk Tl 5

4 x=

peri-renal fat) 10%
A AF B9
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4m FAZ AAL sty o= Ag F dukAQl
Hematoxylin & FEosin (H&E) 942 A A3 Nikon

Eclipse E200 (Nikon, Tokyo, Japan) &v]73S ©]-83l] NASH
(nonalcoholic steatohepatitis) scoreS =3I TH (Neuschwander-
Tetri and Caldwell, 2003).

8.5
AHS Esle] dojz RE AxE HF+ XA
(mean £ SD)= YERNSTE. 2k AlE] o]l tigh EA

= Uz A 7re] BAIEE H|wE 98] One-way
ANOVA SPSS v. 12 (SPSS INC., Chicago, USA)S Al&
Slo] #24935199.21, Duncan’s Multiple Range Test (DMRT)
RS AAE (p<0.05) olstd W FAHCE Fofd A
o2 s

&

H

pl=

L

a2

1. QIR 14 Bl OllErS FEE0| MRl SN it

B ATolME 47180 FEEo] ofd G5FEES A
2 ARgsigE), ol 23 A A7|EE R =4
A st} 518t A FetAl B HEA S i ael A=
A Z ] o] Therel Aaey 21 A E9s T4
o 71tf & & glow, ok FF 7154 2 wE A7l
NE 2ANZ R AAF olho] YL Aoz "}#Hoiﬂ
wZo|t} (Eloff, 1998). & Aol IFFEE7} ofehe
27 Haslle A9 F Fehblag RiEEde 27}@
W % o= STk (Table 2). ©lelst 2
Eote] ohde g IHEIINE v Y5FEEe] &
Aol As €.
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Table 2. Composition of flavonoid quercetin, polyphenol gallic
acid and anti-oxidant trolox equivalent in onion peel
water and ethanol extracts.

Flavonoid Polyphenol  Anti-oxidant

QE (mg/g) GAE (mg/g) TE (mg/g)

13.5+036 34.74+0.32 63.33 £0.76*
16.56 £ 0.66 30.15+0.01 13.09 £ 0.06
QE: Quercetin Equivalent, GAE: Gallic acid Equivalent, TE: Trolox

Equivalent.
*Value are mean + SD.

Content

Water extract
Ethanol extract
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Changes of body weights in the studied ICR mice. NC; Normal

control group, HF; High fat diet group, OPE-20; High fat diet with
20 mg/kg onion peel extract group.

Table 3. Changes of weight gain, feed intake and feed efficiency
ratio in the studied mice.

Table 4. Changes of liver weight, liver index, epididymal fat and
retroperitoneal fat weight in the studied mice.

Measurements NC HF OPE-20
Weight gain (g/day) 0.9 £0.32* 2.92 + 0.4¢ 1.6+ 030
Feed intake (g/day) 2.40 + 0.01% 2.67 + 0.04° 2.59 + 0.04
FER 0.38+£0.03* 1.09+0.1° 0.61+0.13"

NC; Normal control group, HF; High Fat diet group OPE-20; High fat
diet with 20 mg/kg onion peel water extract group, FER; Feed
efficiency ratio.

*Value are mean * SD.

**Values on the same row with different superscripts were significantly
different at p < 0.05.

A Hl2] o]

=

FoIel HF] mhe- B} gapgd
OH OPE-209] vh¢-227} frefspl s
AT (p <0.05) (Table 3). Chung (2011)
%%E Folo] WE AT 2 2o] a8olA
7ol folZQl Zfol7} ik A 717341
3
7
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o

3. ZD|=2 B3}
7re] A7) FAek g FAE
OJFQl ztolE HolA| Agke
B9tk (Table 4).
A} SEEA]
o] Wk HTh g
94 PR} FrolahAl B
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Group Liver weight  Liver index Epididymal Retroperitoneal
® (g/b.w) (%) fat (g) fat (g)
NC 1.1+0.14° 3.3 £0.04* 0.2£0.04 05£020%**
HF  1.3+0.15* 3.0+0.34* 0.54+0.05" 1.7+0.31°
OPE-20 1.2£0.08* 3.3+0.09° 0.16 £0.10° 0.5+ 0.15°

NC; Normal control group, HF; High fat diet group, OPE-20; High fat
diet with 20 mg/kg onion peel water extract group.

*Value are mean £ SD.

**Values on the same row with different superscripts were significantly
different at p < 0.05.

Table 5. Effect of onion peel extract on the serum lipid profiles,
Atherogenic Index (Al) and Cardiac Risk Factor (CRF) in
the studied mice.

Group NC HF OPE-20
TC (mg/dL) 158.7 £7.02* 197.2+5.76° 1800 + 6.60%*
HDL (mg/dL) 107.0 +9.00° 100.6 + 6.54> 131.0 + 5.15°
LDL (mg/dL) 44.7 £2.47°  88.2+5.52" 422 +553°
TG (mg/dl) 35.0+2.00° 41.8+1.48” 33.8+2.86
Al (%) 0.5 £ 0.06 1.0+0.11° 0.4 + 0.04°
CRF (%) 0.3 +0.01° 0.4 +0.04° 0.3 £ 0.02°

NC; Normal control group, HF; High fat diet group, OPE-20; High fat
diet with 20 mg/kg onion peel water extract group.

Al (Atherogenic index) TC-HDL)/HDL, CRF (Cardiac risk factor) TC/
HDL, LDL = TC-HDL-(TG/5).

*Value are mean * SD.

**Values on the same row with different superscripts were significantly
different at p < 0.05.

W A Fsk x]upe)
(2009)°] A}t fFAKSH

Figo] 7hAdteE e HQl Choi

A= Vet

4. Malst 24 2}

Asiskid Az & Fw2ElE% LDL 2 TGO FEe
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& NCzol vl 212 2jo] HFzollA felah 7131
m, A o] Folel HFe] vk vt Jogd &
FEE £ OPE-2029] vh-2rt folshA whe
golglk 4= AT} (p <0.05) (Table 5). HDLY] F&+

ol !

1_]‘——_- T [CR==N
NC=ol vjal] AW 2Jo] HFollA frelslA]l Ao
, AA O] ol HFe] w2~ B} o d 45
5 T OPE-209] w27t fosh =2 RS
o1g 4 AUAT (p<0.05) (Table 5). &= ZFH2E| =3
DL F2& 73 ALk s siAet A dAs=
3} NCzol| Blal AW 2lo] HEZA ol 2712
o, A o] Foltel HFS] vRe-2~ w1 gz &4

FEE Tl OPE20:29] vh-27} fefsh v 2

R 4 o

d

T

o

vt QlEd), oS it BEA Sute)
LDL S#&HE2 714713, HDL SHEHE S
gL RIS (Campos et al., 2003), FoA F
A7F A4S T Al 7k F AW FEsHE 39
o] Tzl Blal 6.2%, 9.1% WFthe = AT Bt Q)
t} (Park ef al., 2008).

9 Gy

5. Zk=et X
FE FE=e] 03 A#R] GOTSE GPT 3]l 7|

Table 6. Effect of onion peel extract on the serum levels of
glucose, GOT and GPT in the studied mice.

Group  Glucose (mg/dL) GOT (UL GPT (U/L)
NC 91.0 + 6.56° 203.3+15.57°  37.3 + 3.57*x
HF 113.6 £ 6.88% 257.0+17.76°  53.8 £ 3.96°
OPE-20 95.0+6.12° 211.6+16.83¢ 434 +3.21°

NC; Normal control group, HF; High fat diet group, OPE-20; High fat
diet with 20 mg/kg onion peel water extract group.

*Values are Mean £ SD.

**Values on the same row with different superscripts were
significantly different at p < 0.05.

Q4 =Z20|

=T T==—1

& | A |
Fig. 2. Histopathological findings of the liver in the studied ICR mice. H & E stain, x 100.
A; Normal control group, B; High fat diet group, C; High fat diet with 20 mg/kg

onion peel extract group.
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W 2fo] HFZeA frol
T HF9] vl |
ol OPE-20-9] wl$-27} &
= AA (p <0.05) (Table 6). 3L
= IFHZEHE 2ols AdFT 4% 7+ 244
ZY=EHEY] FHE doA 7+ FAV S
Hedl, #Fe FHzEEo] AW FE&A] ofxwh
(apoprotein)# Zgslo] Aeh (lipoprotein) 2 WjEE|A] &
st AE e REAE fEsAl €k (Sung er dl,
1997). & AtelA] Sapgd d AR 2
TH 7 tiste] X REHt e

2 AT AR AEMES o el e dapdd
e FE2E APFAE A EFHEL ANAAT L g5
A2 74 X #el GOTeF GPT #H4 &= gelst

AYZE gl wlsl AA o]l FAIA
FEETAA 19

Ho
lo
ol
X,
o|\
N
ol
32
Kl

oA BAHCRE felatA SIS debdA
Lol frolFog 7hAsiinh. SEEAeIA =
ol Hjal] A2 o)A FAIK SR frolshA ST eI
FEE G FEEOA FoFeE sl (p<0.05)
(Fig. 3, 4).

AANA DojRe AEAY AFE & EEeo|=l HHE
B2 A3 Atex 2B, ol WSk, e
g, H§E 5% AdWd F de Aoz ezl bk ok
(Rivera et al., 2008; Nomura et al., 2008). thi3Ee]
I A 2N & FE F Y FhExol=e 53] 49,
A, 5, ol 2} Tl TR FHrEle] Jlom, < 28
A A Aot 7EA] FdellA] tiEARl o= il
quercetin®] &S ST AF} FuollA 1 o] TP FH

e

=
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Fig. 3. Histopathological findings of epididymal fat adipocytes in the studied ICR
mice. H & E stain, x 100. A; Normal control group, B; High fat diet group, C; High
fat diet with 20 mg/kg onion peel extract group.
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Fig. 4. Histopathological findings of retroperitoneal fat adipocztes in the studied ICR

mice. H & E stain, x 100. A; Normal control group, B; Hig

fat diet group, C; High

fat diet with 20 mg/kg onion peel extract group.

Al YERST) (Perez-Vizeaino et al., 2010; Davalos et al.,
2006). 53] FIZHE] A2 quercetin glycoside= &5 33
=3 Hlaws] A Wl o]&el o] B axzolge A4
7} BAEAT (Hollman et al., 1995).

2 A7 A3 A Ede] o IE SuE g
FEES d3d SHSHES 2dta s o=
EsHoleln BT, WY FelE Bl Sl Aoz
%l & 4 SSleh
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